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PREFACE

In Civil VWorks engineering des.gn studies cons. deration is al ays
given to the possible, undesirable effects of the thernmsl gradient . which
may develop in mass-concrete structures during consteuction. Paco: ~aph

5-03 of EM 111C-2-200C, Standard Practice for Concrete, includes relerence

to twn analytical methods, the Carlson method and the Schmidt metnod, which
may be used to compute temperature changes in concrete.

The investigation leading to the preraration of the comput-r program
described in this report was authorized by letter from the Office, Chief of
Engineers, dated 21 March 1958, subject "FY 1958 Civil Works Investiga-
tions - Assignment of CW Item 9C6&." The work was accomplished as a joint
project of the Concrete Division, under the supervis’on of Messrs. Thcmas B.
Kennedy, Bryant Mather, and E. E. McCoy, and the Technical Jervices Divi-
sion, under the supervision of Messrs. C. B. Patterson and D. L. Necumann.
This reprort was prerared by Messrs. McCoy and Neumann. Pvt. Steplen W.
Closs, Jr., assisted during the develormental stages of this work and
provided several routines vhich are included in the final program.

Col. Ecmund H. Lanp, CE. was Director of the VWaterw.ys Experiment Sta-
tion during this investipgation and preparation of this rerort. M.. J. B.

Tifvany was Technical Director.
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SUMMARY

A computer program for the computation ¢! the unsteady state temper-
atures that develop during the construction of « concrete dam in layers
(lifts) is described. Information pertaining %c the following ambient and
structural conditions ard thermal properties is wecessary for a computa-
tior: eambient air temperature and foundation temperature, concrete temper-
ature at time of plecement, 1ift thickness, number »f days tetweern lifts,
anl aaigbatic lemperature rise and thermal diffusivity of the concrete.

The computation may be continued for fifty lifts.

The computation 1v based on a numerical procedure fcr the solution
cf the heat flow equation for one dimension. The space ‘r%terval is one-
quarter thickness oi a lift, and the time interval is onc-guarter day.
The program is written for the basic IBM-65C computer witn . 20CC-vord
drum.

Exanples are given to illustrate the types of problems for which the
srogram is suitable. In one example the maxiwum temperature for 5-day
placement of lifts was 6 degroes less thern that for 3-day placement, and
the maximum temperaturce for 7-day placcment was 5 degrees less than that
for 5-day placemert. In another example tlie advantage of use of re-
irigerated concrete is illustrated. The maximum terperature conputed in
this example was only It deprecs higher than the initial fourdatiorn
temperature.

Preceding page plank



AN IBM-650 PROGRAM FOR THE COMPUTATION OF THERMAL GRADIENTS
IN MASS CONCRETE STRUCTURES

PART I: INTRODUCTION
The Problem

1. Extensive studies of the effects of temperature changes in a dam
have seldom been undertaken becsuse to compute the temperatures menually
entails so much labor, and the chunce of error is so great, that a thorough
study by manual computation is impracticable. Also, since comparative data
are desired from such studies, it is advantageous to investigate as many
conditions as may have an important effect on the temperatures in a dam,
but the work is multiplied by each set of conditions that 1s investigated.
Although the problem6* of adverse thermal behavior has iacreased over the
past two or three decades, principally because of increased sizes of dams,
a thorough study of all the important placement conditions which could af-
fect the temperatures in a dam has never teen made for even a single proj-
ect. In contrast, on completion of developmen: of the computer program
described herein it was possible to undertake stuviies for a dam5 involving
16 different combinations of concrete-placement scheduling, climatological
factors, placement temperature of the concrete, and heet liberation of dif-

ferent types of cement, at a cost estimated to be less than cne-tenth that
of a manual computation.

Theory and Method

2. The computation of uunsteady state temperatures in a dam is most
conveniently resolved into the problem of computing temperatures at a suf-
ficiently large number ol poiuts and at sufficiently rapid intervals to
yield the desired accuracy. Any wethod of computing the temperature at a
point in a solid material or, better, the average temperature of a small

unit volime inclosing the point, must take into censideration inflow of

¥ Raised numbers refer to References at the end of this report.



heat to the point, outflow of heat from the point, and the net generation
of heat due to chemical or physical processas active in the material at the
point. Two methods have been extensively used during the past three
decades for the computation of temperatures in a structure. They are the
Schmidth metho {, which has been widely applied to problems involving vari-
ous structures and shapes, and the Carlsonl method, which was develcped
specifically for concrete walls and dams. The latter method was used for
the program described in this report. This method is "essentially a step-

"3

by-step integration,"” or convenient "step method"2 for the numerical
solution of the heat-flow equation for one dimension with added term for
heat generation within the concrete. Analyses in one, two, or three
dimensions can be made,* although the procedure for only one dimension is
given in the paper by Carlson.

3. The temperatures of primary interest in a dam are in the lower
lifts. Because of the thickness of the dam at the elevations of these
lifts, temperatures in them can be effectively controlled by variation of
construction practices. Since the thick lifts are relatively self-
insulated, lateral heat flow may be considered negligible, and a one-
dimension analysis 1s, therefore, sufficient. The Carlsor method for one
dimension (the vertical), exactly as described in reference 1, was used in

the development of the computer program.

Therme.l Properties of Concrete and Other Required Dats

4. Computer personnel must be furnished the necessary information
pertaining to each computation. This information is normally specified by
or supplied by an engineer who is familiar with construction practices and
with the determination of thermal properties of concrete. The following
conditions define a problem:

a. Ambient teuperatur=. A different value of ambient air tum-
persture Ty may be given Tor each period of time between
lifts (see d on the following page) but not for a shorter
period of time, A constant value may be used throughout.

*  Sze reference 3, guthor's ¢losure.

e n——————



b. Concrete temperature. The temperature of the concrete T,
at the time of placement must be given. It may be any value
either colder or warmer or equal tc the ambient air
temperature.

Ie)

Lift thickness. The program can handle any reasonable 1lift
thickness (4X); however, the thickness must be held con-
stant throughout a computation. The lift thickness deter-
mines the computational. space interval (X) which is one-
quarter of a lift thickness for a given computation.

I

Period of time between lifts. The nuiber of days (in whole
days) between 1lifts must be given. The number may be varied
to allow for "irregular" placement scheduling, or may be
constant. 1In either case the schedule should represent in-
sofar as possible a realistic placing schedule. (The time
interval T wused by the computer is the quarter-day and is
not affected by the time interval between 1lifts; but the
pumber of quarter-days M 1is four times the number of days
between 1lifts. M should be furnished computer personnel.)

¢. Adisbatic temperature ricse. Adiabatic tempersture rise data
A9 are obtained in advance and preferably from leboratory
tests of the concrete mixture to be used for the specific
Job, but may be calculated from a knowledge of heat of hy-
dration of the cement, and quantities and thermal properties
of the constituents of the concrete. A separate value is
needed for each quarter-day. The computer progrem provides
for 30 days (120 quarter-days) of temperature-rise data. The
increment for each quarter-day (A8) rather than the cumula-
tive rise at the end of each quarter-day is needed.

f. Thermal diffusivity. The value of the thermal diffusivity o
is determined from latoratory tests oi the concrete, and is
assumed to be the same for the rock foundation.

g. Foundation temperature. The foundation-rock temperature (TR)
must be specified, but may be assunmed to be equal to the
air temperature of the first ambiernt period.

5. The space interval X , the time interval T , and the thermal
diffusivity « are combined into the single dimencionless constant S
for use by the computer. Units must be commensurate i:. the relation of
these variables, given by the formule S = Xg/(aT). This quantity (8), and
not its componerts, should be furnished computer personnel. Since T has
only one value (0.25 day), S = hXe/a. Though not 1likely to occur so in the
computation for a dam, S must not be less than unity. The A9 dats are
given in a menner similar to the following, bu% more conveniently in tabu-
lar form: 1lst quarter-day, 6.2 F; 2d quarter-day, 8.5 F; 3d quarter-day,
4.5 F; hth quarter-day, 3.L %;...; 119th quarter-day, 0.1 F; 120th
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quarter-dey, 0.0 F. Data for less than 120 quarter-days may be given,

in which case zercs are used by the compuucr for the remaining periods.

6. The data required for computer solution of & problem (see para-

graph 5 with regard to S) are, therefore, in sumuary:

a.
-1_).0

je 1o

o

I+

&

Ambient (air) temperature (Ta)’ to hundredths of a degree F.
Concrete temperature (Tc), to hundredths of a degree F.

Lift thickness (4X), feet to hundredths.

Period of time between placement of lifts (M/i), days.
Adiebstic temperature rise (A9), to tenths.

Thermal diffusivity (&), square feet per day.

Foundstion-rock temperature (TR), to hundredths of a degree F.

Accuracy to hundredths is not required, though all date may be submitted to

the accurary shown above. Computations within the computer are performed

to thousandths, to prevent cuuaulative error which might occur in isoclated

phases of the computatinng, but tlie compater rounds to tenths before print-

ing computed temperature.
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PART 1I: COMPUTER PROGRAM

T. The purpose of the progrem is to compute temperatures that are

expected to be present in a dam during construction for each set of given

conditions, and thus to provide a means of investigating, prior to con-
struction; the possible effects of various construction practices on
temperature. Temperatures are importent because of stresses assoclated

with steep temperature gradients.

The Problem and Method of Solution

8. The problem was to write a program for solution of the heat
conduction equation for one dimension modified by the additicn of a
term for heat generation caused by chemical action of the cement diring
hydration. As mentioned earlier, the analysis of the problem and method
of solution were described by Carlson,l and will not be discussed
further herein. Parameters are fully discussed in Part 1 and again
with illustrations of their use in Part III, where the accuracy of the

nethod also is discussed.

Description of Bquipment

9. The program is written for a basic IBM-€50 computer and utilizes

a standard -.tility (8-word) IBM-533 panel. It is computer-optimized
by the Symbolic Optimum Assembly Program (SOAP) and operates in fixed
point.

Input-Output Data Format

10. ".e format for the input data and of the ou.,ut (answer) list-
ing is detalied below, and the specific card form layout is given in the

E=word card fom, fig. L.

[ Ve P
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Setup Card (Cne Card)

A8 Table (1-120 Card)

Lift Cards (1-50 Card)

Identification Card

Detail Terperature Card

Mazimum Temperature Card
(One card punched each
time the maximum tempera-
ture computed in the
quarter-day interval
exceeds the previous
maximum, )

Input Data Format

Woxrd 1 -~ Indent - This word may contain any numeric informa-

Word 2
Word 3

Word 4

Words
1L, 7,
and 8

Word 3
Word 4
Word 1

Word 2
Wore 3

Worsd U

Word 1
Word 8

Word
Word 2

=

Word 3
Word 4
Word 5
Word 6
Word 7

Word 8

Word 1

Word 2

Word 3

Word 8§

tion for idertification,

TR - 'Temperature of the roundation rock is given.
S - The value of "S" is computed from X2/(0T) and
given herein.

This word gives the valus of M when the con-
crete placing schedule is comstant. "M" is the
number of quarter-day intervals between lifts. If
the placing schedule is variable place zeros in
this word.

A9 table routine (same for all cards).
Quarter-day.
Heat rise value A8 at this time.

"This 1ift number" may very from one to fifty, and
is the identification for each 1ift to be placed.

Placing temperature of the concrete for this lift.

Alr temperature for the period of exposure of
this 1lift.

"M" value when the placement schedule is verying.
Word 4 of setup card must be zeros. For constant
placement leave this word blank, that is, vhen
word 4 of setup card has "M" value in it.

Qutput Date Format

The identification word of the inpvt data is given
herein.

This card <1s identified for sorting with a zero in
colum 80.

The number of the top lift in ,lace.

The number of thic 1ift for which the following
temperatures are given.

Temperature in upper quarter of 1lift at this time.
Temperature of middle of lift at this time.
Temperature of lower quarter of 1lift at this time.
Temperature at bottom of 1ift at this time.

Time of placement of this Lift in days (quarter-
day increments).

This card is identified for sorting with a 1 in
colum 80. Columns 71-75 heve a card count.

"This 1ift number” in which maximum temperature oc-
cuarred during the quarter-day interval.

Time, in days, &t which naximum temr- sture
occurred.

The maximum temperature that occurred at this
time and lift.

This .o 4 '. identified for sorting with & 4 in
colump U,

e
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Operating Instruccions

11. Operating instructions for the program ar= ~5lined below:
Program: THERMAL GRADIENTS IN MAGS CONCRETE STRUCTURES ~ 1036D

IBM-650 Console

Storage entry 70 1951 3000(+) (normal)
70 1951 990n(-) (2lternate punch)
Programned Stop
Control Run
Display Program Register
Overflow Stop
Error Stop

Card Input to IBM-533

Program deck (7 per card)
Transfer card to 0200

Setup data card (1 card)

Ag Table (1-120 cards)
Transfer card to 0201

Lift date cards (1-50 cards)

Start Procedure

New Problem - Inac. program deck

Trouble stop - Check for error stop number in instruction address of
program register and compare this number against list-
ing of errcr stops for cause and remedial action

(page 9).
IBM-533 Control Panel - Stendard Utiiity (8-word)
Tabulating machinz control panel - Standard Utility (8-word)

Special operating instructions - Sort output cards on column 8G, list O,
1 and 4 pockets separately.
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Cause

pXe]

Action

Error stops
Instruc-
Error tion
No. Address
ERR © 9000
ERR 1 9001
ERR 2 9002
ERR 3 9003
ERR b4 9004
ERR 5 9005
ERR 6 9006
ERR 7 9007
ERR 8 9008
ERR 9 9009

Transfer to location 0000.
Possible only with improper

program modificetion or fail-

ure of 650 to read program’
card.

M is not defined. Check
setup card or 1ift card.

2ddress of Ty, exceeds storage

in rock. Heat flows into
rock to a depth equal 50
lifts of daem height.

TILN exc-=2ds TOPL. Possible
only with mechine error or
improper program modifica-
tion

I exceeds M.' Possible only
with machine error or im-

proper program modification.

First 1lift card read by pro-

gram is not first lift card.

Console switches impropgrly
set up for alternate punch
routine.

Operator reload program
deck, if same stop per-
sists dump drum and return
to programmer for action

. Return to initiating of-

1

fice for correction.

Dump drum and refurn to
prograrmer for action.

Dump drum and return to
programmey for sction.

Dump drum and return' to
programmer for action.

Operator check sequence of
1lift cayds. Place cards
in proper sequer.ce and
transfer to 0253 for Read.

Operator check for sign
equal minus and switches

equal; 70 1951 990(n).

Lift card read is not proper ~ Operator check sequence of

card to be read.

T} address not equal to top
1ift address.
with machine error or im-

proper program modificatiocun.

L address not equal to lowest

1ift address. Possible only
with machine error or im-
proper program modification.

Possible only

1ift cards. Reset loca-
tion 0204 with value equal
to next lift card to be
read minus one and trans-
fer to 0639 for Read.

Dump drum and return o
programmer for action.

Dump drum and return to
programmer for action.

Note:

Unless progrem has been modified, error stops 3, 4, 8, and 9 are not
likely to occur.
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Flow Diagram

12, The flow diagram Tor the program is shown in fig. 2. Modifica-~
tions of the program to compute slightly different problems from those
discussed will require use and understanding of the flow diagram.

Alternate punch routine

13. The program with normal storage entry switch settings 70 1951
3000+ will punch one detailed temperature card for each 1lift at each tiwe
interval. The number of output cards is then approximately equal to but
slightly greater than that computed from the formula:

0
I
=

(N + 1)

Where N and M are the maximum number of lifts to be computed and the
number of quarter-days between lifts, respectively.

14. The nurmber of output cards punched may be selectively reduced
by using the alternate punch routine with storage entry switch settings of
7¢ 1951 990(n) (-). The progrem will then punch 21l maximum temperature
cards, but only the selected detall temperature cards for each quarter-day
computation. (n) in the switch settings indicates the number of interwals
(quarter-days) for which detail tewperature cards are to be punched; all
intervals between these will not he punched. An example of this is given
below:

Placing schedule (constant) M = 36 quarter-days between lifts
(9 days).

Alternate punch routine in use with (n) set equal to 8, storage
entry switch 70 1951 9908(-)

Answer cards puached out
1. Maximum temperature cards are given for all quarter-day
time interval computations as they occur even though the
detall temperature cards are not punched for that interval.

2. Detail temperature cards are gi.en for the lst, 9th, 17Tth,
25th, and 33d gquarter-days or the lst, 3d, 5th, 7th, and
9th days between each 1ift placeument.

Computing tinme

15. The computing time of a problew is a function of the number of

1ifts to L2 computed and the number of days or quarter-days between 1ifts

W~ WA e o < s

[
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and is also affected by the use of the slternate punch routine which re-
duces the computing time slightly. TFrom the nsture of the progrem nc
simple equation for calculsting computing time can be given; however,
running time will normelly vary between 2 and 4 hours. Problems 2 and 3

of tne Greers Ferry Dam Report5 required 3.2 and 2.8 hours, respectively.

Other routines

16. A Trace routine (311 TR) and & “even-Per-Card~Punch routine
(315 P7) are included in the program for use in program modificeation,
checking trouble stops, and computing long problems In parts. Reference
is made to IBM Library File Nos. 1.4.001 and 1.2.002, respectively, for

instructions in the use of these routines.

11
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PART III: EXAMPLES

Check Problem

17. A computation of temperatures in concrete placed in layers, with
coacrete placement tempersture equel to the ambient temperature, was made,
first for a given rumber of days between lifts (3 days), and then Tor two
alternate placement schedvles. The number of days between placement of
lifts, constant for each computation, was the only placement condition that
was varied between computations. The problem was completely defined by the
following irformation (temperatures were shifted to zero for c.nvenience).

Ambient temperature: O deg T.
Concrete temperature: O deg F.
Foundation-~rock tenperature: O deg F.

Lift thickness: 5 ft (hence 1.25-ft space intervals in the
computation).

Time between placement of lifts: 3 days, 5 days, and 7 days.
Thermal diffusivity: 1.00 sq ft per day.

Adiabatic temperature rise:

Quarter-Days 58, F
1 6.2

2 8.5

3 b5

! 3.k

11§ 0.1
120 0.0

The proper entry of these data on WES Form No. 1053 is shown in fig. 3.

18. During a computation, temperatures are printed for quarter-day
intervals and for three positions in & 1lift and at ithe boundaries of lif‘ts.
The listing for the 168th quarter-day time interval of the calculation for
3-day placement is shown in table 1. This time interval corresponds to 42
days and 14 lifts. The temperntures are shown plotted in fig. 4 (page 18),

where also are plotted similar dats for 5-day and T-day placement.




15
Table 1
é Computed Temperatures
=
I S . U Y T U
g% 14 14 17.2 26.8 30.3 30.1 42.00
¢ 1k 13 30.0 31.8 34,0 35.5 42.00
¥ ] 14 12 36.k4 37.h4 38.3 39.0 42.00
§, i 1h 11 39.6 4Ok 41,1 417 42.00
; 53 14 10 42.3 42.8 43.k k.0 42,00
% g 1k 9 44,5 45.0 45, 45.5 42.00
& ¢ 1k 8 45.5 45.7 45.8 45.8 42.00
2 g 1Y 7 45,8 45.8 45.8 45.8 42.00
% 1k 6 45,8 b5, 7 k5.7 45,7 42,00
:E L 5 b5.7 45.6 k5.5 45.3 42.00
@ 14 L 45.1 4.6 Lh b 43.9 42,00
3 14 3 43.3 b2k B1.Y 40.2 42.00
i 14 2 38.7 37.0 35.1 33.0 42.00
2 1k 1 30.7 28.2 25.6 23.0 42.00
i 14 -- 20.4 17.8 15.3 13.0 42.00
) 14 1M 10.9 9.0 7.3 5.8 42.00
} 14 oM 4.5 3.5 2.6 1.9 42.00
§ 1k 3M 1.4 1.0 0.7 0.4 142,00
} 1k UM 0.3 0.1 0.1 ———— 42,00

Note: TOPL is the number of the most recently placed lift of concrete.
Ty is 1/b-, To is 1/2-, T3 is 3/h-1ift thickness from the top of a
given 1ift, and T) is at the lower interface. Time is in days.
Decimals (as above) are not actually shown in a computer listing.
The Jate shown above correspond to those of the 3-day curve in
fig. 4. The computer program output provides a complete tempera-
ture history, illustrated by the above dats for one time interval,
and a separate listing of maximum temperatures. For a complete
interpretation of output listings, see reference 5.
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THERMAL GRADIENTS IN MASS CONCRETE (1036D)
DATA CARD FORM

Thermal Reseorch and Freld Problem Date
submitted by Durability Jecton No. 3 29 July 1959

Program constants

Lift thickness (4X) 5.00 s Space interval (X),
Thermal diffusivity (o) _Z/.00 ftz/day 1/4 Lift thickness = 1.250 ¢4
S = Wl/a = 6.25900

SETUP CARD

Project Identification TR S M

1 10 {37 20 | 25 30 {39 Lo
Check Problern 001036 0005

0000 62500 12
Taft] Te T, M faft] T, T, MLty T, T, M g
0-10]17 20|27 30|39 40|9-10{17 ~ 20{27 ~ 30|39 4Oop-10|17 ~ 20{27 "~ 30|39 kO 3
o1 0000 | 0000 20 39 ';ﬁ.f
02 {0000 | 0000 21 ko "g
03 | 0000 | 0000 22 41 4
ot |(efc) | oooo 23 k2 &
05|  ilefe) 2k i3 5
06 25 A 3
o7 26 ks _ i
08 27 46 i
09 28 47 3
10 29 48
11 30 L9
12 31 50
13 32 Key punch operator fill
1 33 unused columns of words .
1-4% with zercs for
15 34 standard 8-word format.
16 35 12 punch columns 10, 20,
30, and kO,

17 36
18 37
19 38 {
WES Form No. 1053

Revised Nov 1959 -

Fig. 3
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HEAT RISE TABLE

Type Cemert  Typg II, 4 hags/cu. yd
29 09 29 o9 09 29
23 26137 Lol23 26{37 ho|23 2637 40j23 26|37 4O|37 40|37 40J37 40|37 4o
XXX X |
0001 0062 |0021 ookl 0061 0081 0101
0002 {0085 [0022 ook2 0062 0082 0102
0003 | 0045 [0023 0043 0063 0083 0103
oook | 0034 |oooh 00k 006l 008l 0104
0005 [(gfc.) |oo2s 0045 0065 0085 0105
0006 0026 0046 0066 0086 0106
0007 0027 ook7 0067 0087 0107
0008 0028 cou8 0068 0088 0108
0009 0029 0049 0069 0089 0109
0010 0030 0050 0070 0090 0110
0011 0031 0051 0071 0091 0111
0012 0032 0052 0072 0092 0112
0013 0033 0053 CoT3 0093 0113
0014 0034 0054 0074 009k 0134
0015 0035 0055 0075 0095 01
0016 0036 0056 0076 0096 01",
0017 0037 0057 0077 0097 0117
0018 0038 0058 0078 n098 0118
0019 0039 0059 0079 0099 o11s v 10/
0020 0040 0060 0080 0100 0120 [t /00
Key punch operator
Use load card format below for each card of heat rise table above. L
Word 1 Word 3 Word 4 Word 7 Word 8
+ + + + +
60 1954 1957 20 XXXX 8000 |00 0000 XX¥X | 1y 0202 1948 | 31 0002 1v 3

Words 2, 5, and 6 may be blank

At <
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ADIABATIC TEMPERATURE FISE, 57.2 DEGREES
SPACE INTERVAL.1.28 FT; S-FT LIFTS

TIME INTERVA _: 0.25 DAY
DIFFUSIVITY: 1.00 SQ FY PER DAY

458 AT 42 DAYS
A

e e e e —_—

3 DAYS

>~ N
Ve 40.0 AT 63 D!YS# ~
I

~
7 soavs—
b

7 S — T
// | 4 I 35.2 AT 84 DAYS
/. / \4\ )

™~

/ / L=t \

N
I 4 4] N

ot
e
—

—-

TEMPERATURE RISE, F
\\
N
74
L —1 //
/

R gy

IENCE THE CURVES COMPARE PLACEMENT AT 3-DAY, SDAY, AND 7-DAY INTER-

/
¥/
/ VALS THE ADIABATIC TEMPERATURE RISE USED IN THE COMPUTATIONS IS ALSO
PLOYTED THE PROGRAM SEARCHES FOR MAXIMUM TEMPERATURE IN ONLY THE
FOURTH TEMPERATURE POSITIONS IN THE CONCRETE AS SHOWN., 1\ SLIGHTLY
HIGHER TEMPERAT URE MAY OCCASIONALLY BE DETECTED IN ADJACENT

2 POS!TIONS,
W

p—— sk

\
NOTE* THE AMBIENT CONDITION WAS SHIFTSO TO ZERO IN THIS PROBLEM FOR CONVEN- \
|

1

L

Z I
A7 ROCK CONCRETE
//// — L — = —
s E= | 1 _
[ 1 2 3 a 5 6 7 8 9 10 11 12 13 14
UIFT NUMBER

Fig. 4. Electronic computation of temperature rise of concrete
placed in layers

A Construction Problem

19. Another reproduction of Form 1053, fig. 5, shows similar data
for an actual problem for a construction project.S The ambient tempara-
tures shown were taken fror a curve that was based on dats chbtained from
Weather Bureau records. The concrete placement temperature (TC) was 50 F
for this problem. The results of this computation are shown plotted in
fig. 6. Since the maximum temperature obtaineld was only 4 F above the
foundation temperature, even though placement of concrete continued at
9-day Intevrvals throughout the summer, the advantage of placement at re-
duced temperature7 (refrigerated concrete) is well illustrated. This
problen is one of 16 such problems, representing 16 combinations of am-
bient vonditions, construction practices, cement type, and thermal proper-
ties ¢f concrete wnich were investigated to determine the influence of

chese combinations of variables or of the separate variables on the

[

e

2,

o

2SN Wy

EREPEPRYVIE 2
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i THERMAL GRADIENYS IN MASS CONCRETE (1036D)
£ DATA CARD FORM
% e
&
3 Thermal Besearch and Field Problem Date
2 Swmitied by Dyrobility Section No. [Z 2 July 1969
& ™
é Program constants
é Lift thickness (4X) 250 st Space interval (X},
¥ Thermal diffusivity (@) _L44 rtP/aay  1/h Lift thickness = L875 £t
s - Wl = 976562
5 SETUP CARD
b Project Tdentification T 5 M
z 1 10 |17 20 |25 30139 Lo ;
: Greers Ferry Dom | 0010360012 7450 97656 36
i LIFT DATA CARDS ;
& Taft]  Teo T M Jafy T, Ts M [Lift] T, Ty # 3
wl17 20|27  30[39 kole-10{17 20|27 30§39 kop-10117 ~ 20|27 * 30|39 kO
01 | 5000 | 7450 20 L640 39
02| 5000 | 7720 21 4370 ko ) )
g 03 | 5000 7850 22 4230 41 ;
. ok | (efc) | 7960 23 4150 k2 4
05 8030 ol 4090 43 3
; 06 8080 25 4070 Lk
07 8109 26 4090 be :
: 08 8080 27 4130 L {
’ 09 8000 28 Wt
10 7880 29 Jus i i
11 7700 30 I g
12 7400 31 50 §
ki
13 7050 32 _ | Key punch operator fill 2
i G770 43 unused columns of words %
- 1-4 with zeros for Bl
15 G420 34 standard 8-word format. :
16 G050 35 12 punch colwmns 10, 20, ;
3¢, and kO,
17 5650 36
38| 5260 37
19 4950 38

WES Form No. . °
[
Revised Nov 1959 1053

Fiy. 5




Lo

s en

HEAT RISE TABLE

0001 | 00&2 j002) { 0002 ookl | 0000 (0061 | 0000 {0081 | 000! 0101 | 0QO0

Type Cewent 75 ~25 hlerid of Portland ond Fly ash 4
k1

08 00 00 09 L8 08 %

23 26137 k0|23 26{37 k0|23 26|37 40|23 26|37 L40}37 40|37 40|37 LO|37 kO 4
ﬂ

[

§

e,
¥
I
%A
o
i1
)
U3
,
5
£
P>
=1
e
oA
A
é‘i‘\*
#

A
Q
Q
N
n

002 | 0029 0002 |ook2 | 000! |oo62 | 0001 |0082 | 0090 |c102 | COOO
0003 | 0027 o023 | 0002 |ook3 | 0000 (0063 | 0000 {0083 | V000 o103 | 000!
000k | 0024 loogh | 001 lookk | 000! fooeh | 0001 loo8y | 0000 o104 | 0000 |
0005 | 0021 loo2s | 0001 |ooks | 0000 looes | 0000 loo8s | Q00! |or0s | 0000
0006 | 001G o026 | 000! |ooks | 000! Jooe6 | 000! yo086 | 0200 0106 | 0000 '
0007 | 0012 joo27 | 000! fook7 | 0000 |o067 | Q000 10087 | 0000 (o107 | 0000
0008 | 00/ 2 looe8 | 9001 |ook8 | 000! o068 | 000! |0088 | 0000 |o108 | 0000
0009 | 0010 looeg | 0001 looko | 0000 looes | 0000 joo89 | 000! {o109 | 0000
0010 | 0009 {0030 | 0000 0050 | 000! joo70 | 00C! 0090 | 0000 0110 | 0001

g g Fr e e s o A VRN, SN RO o
s R UL, T R S ~:§'“,,;V;«, oo

¥ 0011 | 0008 o031 | 0001 loosy | 0000 ;0071 | 0000 o091 | 0000 o111 | 0000
0012 | 000G {0032 | 0000 |oos2 | 0001 10072 000! loog2 | 0000 o112 | 0o00

0013 | 0006 {0033 | 000! 0053 | 0000 loo73 | 0000 |co093 | 002! |on3 | 0000
001k | 0006 |oo3k | 0000 |oosk | 000/ |oots | 0000 |co94 | 0000 011k | 0000

0015 | 0005 loo3s | 0001 fooss | 0000 {oo7s | 0001 10095 | 0000 |o115 | 0000
0016 | Q004 o036 | 0001 |oose | 000! loot6 | 0000 [ove6 | 0000 o116 | 0000

0017 | 0003 o037 | 0000 loost | 0000 o077 | 0000 foog7 | 000! (o117 | 000!

0018 | 0003 10038 | 000/ loos8 | 00! |oo78 | 0001 0098 | 00CO |c118 | 0000
0019 | 0003 {0039 | 0000 [ocs9 | 0 00 {0079 | 0000 {0099 | 0000 (0119 | QICO

0020 | 0002 jooko | 000! fooso | 000! 0080 | 0000 tc100 | 0000 (10 | OC ™7

'

Key punch operator
Use lcad card format below for each card of heat rise vakble above.

Word 1 Word 3 Word L Word 7 Word 8

+ + + + +
60 1954 1957 | 20 XXXX 8000 | 00 0000 XXxX |19 0202 1956 | 31 0002 1953

Words 2, 5, and 6 may be blank

Fig. 5 (Continued)
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; | I I I ! I !
™~ | NOTF A MAXIMUM TEMPERATURE OF 78.6 F OCCURRED AFTER 101.25 DAYS (2.25 DAYS AFTER PLACEMENT;
OF THE 12TH LIET) IN THE 8TH (AND 7TH) LIFT.
! I
i z
| |
80 } i
w } |
w | - J |
& AT 10125 DAYS~ | - |
a ; 1 \ ! AMBIENT
z ! \ I~ TEMP FOR 7
w 7 I=—<"1— FOUNDATION TEMPEI ATURE (SAME AS INITIAL AMBIENT) 74.5 F | } ;%HFUF T
> -+ 74
[ . -
& S ji= \ _/m;
¢ : 7s
o x ul
= ¥‘U o
2 e A
- &8 \ / §| x
ol |2
7 Ml I \ / At B
i !
i P
i - i
| | |
{ AMBIENT TEMPERATURE DURING EXPOSURE OF LIFT IN DEGREES F !
o 1745 | 772 | 785 | 796 | 803 ] s0.8 ] 81.0] 808 | 80.0| 788 | 7.0 | 740
-3 -2 -5 [} 1 2 3 4 5 6 7 8 9 10 11 12

LIFT NUMBER

F.g. 6. A prediction for a construction project (Greers Ferry Dam,
problem 12)

5

predicted thermal history of thc concrete in Greers Ferry Dam.
Accuracy

20. The accuracy indicated for each item of data in paragraph O is
satisfactory for a computation. Howewver, before preparations for the
Greers Ferry computations (preceding paragraph) proceeded very far, it be-
came apparent that the accuracy of certain data for repetitious use by the
computer would have to be increasel by several decimal places beyond the
accuracy that had been indicated in brief manual computations and also in
electronic computations for the "check problem" (paragraph 17). The value
of S must be to five signiticant figures (or six if S 2 10.0000), as
shown in completed Forms 1053 (fig. 5) and 1013 (fig. 1), and other data
should be as shown in these forms. Although it was impracticable to check
a complete problem by manual computation, a satisfactory method of checking
the general accuracy of resalts of & ccmputation was devised and used. The

prucedure wac as follcws: a finite increment equation, based on the orig-

inal diffearential equution,g’3 was applied as ghown in fig. 7. In this way
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close approximation checks could be made at any questionable point on a tem-

TR AR TR

perature curve. OSeveral discrepancies were isolated by this method, and

necessary adjustments to the program were made. It is believed that

sources of systematic error were reduced to a practical minimum.
4 8
£
; |
X (%) 146.25*
A 90.25% L —d=—==4 |
A / P ~~213.250
: & A 0.% | ¢.10
: D %
: ' %
% B A 90 320
3 ld -
% L/ o ca . r .
d / 14 | 11 | 9T gx2 A0 an | 2
§~’ w 76 77 r AT (7.5)2 ‘
Y 2 47 A9 A(gg) '
3 !g ¢ / —sa |dX =0.00383 F PER DAY,
) ] /,‘ AT | ax OR 0257 F DRCPIN  —
5 A0) _ a0 67 DAYS AT CHECK
z X/, \Ax s pomt (2 IN
i wy 72 7 sa 3 AGREEMENT WITH —
g // L X THE DIFFERENCE
r //, 1114 BETWEEN COMPUTED
i L% za |75 75 CURVES. 1
Qo Ve ————
= L // A
=P i 24 B NOTE SINCE MANUAL COM- __|
P ~ [ -03" PUTATION OVER A
/// m = (1.44) | e LLONG PERIOD OF
— = (7.5)% TIME WAS IMFRACT -
x& -1 = 0.00766 F PER DAY, OR CAL, THE METHOD  —
. [S10-4 ILLUSTRATED N
e 93 0.43 F IN 56 DAYS AT e mE WAS g
%"‘ <0 CHECK POINT @ IN USED ¥ & CHECK THE
g* 64 AGREEMENT WITH THE ACCUKACY OF THE ™7
q DIFFERENCE BETWEEN COMPUTED TEMPERA-
: . GES.
%‘ FAGE OF DAM (DAYS (COMPUTED CURVES. | TURE CHANGES.
2 [~ AFTER PLACEMENT H L V )
? OF FIRST LIFT), AMBIENT TEMPERATURE DURING =XPOSURE OF LIFT, IN DEGREES F
g 6o | | | 66.0 | 67.7 ] 69.7 ] 73.0 | 76.1 | 77.8 | 79.0 | 80.0 | 80.7 | 81.0 | 81.0
%‘f, -3 -2 - 3 [ 2 3 4 s 6 7 8 9 10 N
;ﬁ LIFT NUMBER
i Fig. 7. Check of accuracy of computed temperature changes
gs
; Concluding Remarks
21, The cost of electronic computation of temperatures in a dam is

reasonably estimated to be less than one-tenth the cost of manusl computa-

tion. The cost of the electronic computation of temperatiies at Greers

PRSIy

Yerry Dam wss moderate compared with the total cost of the customary

T O
A e

D . Tmvpor N

thermal investigations that are made for most sucn projects. Many of the

.

expensive thermal tests, such as those for thermal diffusivity and adia-
batic heat risc, have been developed principaily because the results of
these tests are used in temperature gradient computations; however, because

uf the o0st, manual temperature gradient computations have not been
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undertaken very extensively in the past. These thermel properties tests,
which hitherto bave had only limited usefulness, provide the .data that afe
needed for a complete thermal analysis, as is well illustrated ?y the re-
sults of the computations for Greers Ferky Dum.s It appears at the present
time that no serious cumulative error is involved in %he computer prograﬁ,
and that for comparative purposes temperatures predicted by means of the
electronic computations are entirely valid. It is recommended that ‘at
least several basic computations be made for all majof projects in the
future. | '
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‘ceedings, vol 34, 1938, p 104k-1.
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